Abstract
INTRODUCTION
In Brazil, the estimated number of patients with end-stage renal disease and receiving renal replacement therapy increased from 42,695 in 2000 to 112,004 in 2014 1 . All-cause mortality is 6.5-7.9 times greater in patients on dialysis treatment than it is in the general population 1 . Among elderly patients, mortality due to infection is two times higher among those on dialysis than among those not on dialysis 2 . Bloodstream infection (BSI) is the leading cause of hospitalization and the second most common cause of death among patients on hemodialysis 3, 4 .
Various studies have shown that the use of native arteriovenous fi stulas for hemodialysis is superior to the use of central venous catheters, as the former is associated with fewer mechanical and infectious complications and is less costly [5] [6] [7] [8] .
However, in Brazil, it is estimated that 16% of patients on hemodialysis use central venous catheters for short-or long-term dialysis 1 . In addition, patients on hemodialysis have impaired defense mechanisms related to their underlying comorbidities (such as diabetes mellitus) and the malnutrition that results from uremia and dialysis treatment 6 .
The causes of these infections and preventive measures for these complications have been widely discussed. Colonization of the skin around the insertion site, of the catheter tip, in the catheter by hematogenous dissemination from another location, and contamination of the locking solution are some of the factors causing these events. Other factors include contamination at the time of catheter insertion due to inadequate aseptic measures and iatrogenic contamination during any subsequent manipulation of the catheter 9 .
Given the high reported incidence of infectious complications in patients on hemodialysis, as well as the morbidity and mortality related to these events, the present study aimed to evaluate the incidence of and risk factors associated with catheter-related infections in patients with acute kidney injury undergoing dialysis, and to identify and characterize the antimicrobial susceptibility profi les of primary microorganisms isolated during a 1-year follow-up period.
METHODS

Ethical considerations
This was a prospective cohort study conducted in a high-complexity hospital in the State of São Paulo, Brazil, during 2014. The study was approved by the Research Ethics Committee of the University Center Hermínio Ometto, number 38152314.3.0000.5385. Written informed consent was provided by each patient or his/her legal guardian.
The study included 200 patients with acute kidney injury who required hemodialysis but did not have permanent venous access. All central venous catheters were inserted by nephrologists according to the procedure described in the institutional protocol that includes, in the following order: I) hand washing; II) complete gowning (cap, mask, gown, gloves, and protective glasses); and III) antisepsis of the insertion site and antisepsis of the expanded fi eld using chlorhexidine and alcohol, respectively. Sites of insertion, in order of preference, were the internal jugular vein then the femoral vein. To avoid causing possible subclavian vein stenosis, the subclavian vein was not used. All catheters were for short-term use, were sutured to the skin, and were covered with a bandage using sterile gauze and adhesive tape. The connections were occluded with sterile gauze.
The catheters were used exclusively for hemodialysis. After each hemodialysis session, the catheters were fi lled with a solution of sodium heparin without using any antimicrobial solution. Antiseptic dressings were not used. Dressing changes were aseptically performed before each session, three times per week. A nurse assessed the insertion site for signs of infection when changing the dressing. If an infection was suspected, the nephrologist was summoned. In cases of local erythema only, the catheter position was maintained, provided that other clinical evidence of BSI was excluded. If purulent secretions were noted or an infection was suspected, two blood samples were collected, the catheter was removed aseptically, and its tip was sent for microbiologic culture. Blood samples (20mL) were collected in Bactec Becton Dikinson, Brazil containers and the cultures were processed using the Vitek TM -2 (bioMérieux, Brazil) automated system. The samples were incubated for 5-7 days. To identify catheter tip contamination, approximately 50mm of the catheter tip was passed through pre-made blood agar plates, in accordance with the semi-quantitative method. Catheters whose cultures grew > 15 colony-forming units on the corresponding blood agar plates were considered to be colonized.
At the time of inclusion in the study, clinical and demographic data were collected from the patients. The patients were followed during the entire period of hemodialysis, until they had a functional arteriovenous fi stula created or were referred to another service. Catheters were removed in the following situations: malfunction, presence of erythema with or without purulent secretions, bacterial infection, or fever without another probable source of infection. Infections were defi ned according to the following criteria established by the Centers for Disease Control and Prevention (CDC) 10 : 1) Local catheter infection: This was defi ned as the presence of one or more of the following signs or symptoms with no other known cause: Pain, erythema, warmth, exudate or purulent secretion, and growth of microorganisms in cultures of the catheter tips. 2) Primary catheter-related BSI with laboratory confi rmation (PILC): PILC was defi ned as presence of at least one positive blood culture, collected from a peripheral vein while the catheter was in place, or two positive samples when the skin was contaminated with microorganisms, together with at least one of the following symptoms: Fever (> 38ºC), shivering, or hypotension.
3) Primary catheter-related BSI without laboratory confi rmation (PIWLC): PIWLC was defi ned based on the aforementioned PILC criteria but with negative blood cultures results.
In all cases, clinical, radiological, laboratory and microbiological data were evaluated to confi rm the absence of any another probable source of infection.
All collected data were entered into a Microsoft Excel ® spreadsheet and subsequently analyzed using SPSS 22.0 software. In the univariate analysis, Student's t-test or the MannWhitney U-test was used to compare continuous variables that followed a normal and non-normal distribution, respectively, according to the Kolmogorov test. Categorical variables were evaluated using the chi-square test or Fisher's exact test, as appropriate. For all analyses, an α-value of 5% was established; hence, associations with a p-value < 0.05 were considered statistically signifi cant.
RESULTS
The demographic data of the 200 patients evaluated in this study are shown in Table 1 . Of these, serologic testing revealed that 14 (7%) patients were infected with human immunodefi ciency virus, eight (4%) had hepatitis C infection, and two (1%) had hepatitis B infection. The presence of antibodies against hepatitis B surface antigen was assessed in 158 patients; the results were positive in 93 (58.9%). Ninetyeight (49%) patients died during the follow-up period; 12 (6%) died due to infection-related causes.
A total of 55 catheter-related infectious episodes occurred in 43 (22%) patients: Five patients had two episodes of PILC each, two had three episodes of PILC each, and two had two episodes of local catheter infection each. Of the 55 episodes of infection, 38 (69%) were catheter-related BSIs and 17 (31%) were local infections ( Table 1) . Overall, 36 (65%) episodes of infection were confi rmed by laboratory fi ndings. Of the 43 patients who had a catheter-related infection, 32 (75%) had venous catheters placed in the femoral vein.
During the study period, 6,240 hemodialysis sessions were performed. The incidence of primary catheter-related BSI was 6.1 episodes per 1,000 hemodialysis sessions. The incidence of local catheter site infection was 2.7 episodes of per 1,000 hemodialysis sessions. Univariate analysis revealed that diabetes mellitus as a comorbid condition was the only variable associated with the development of catheter-related infections. The microorganisms identified and their antimicrobial susceptibility profi les are shown in Table 2 . Of the 36 episodes of PILC, 20 (56%) occurred in patients with femoral vein catheters and 16 (44%) in patients with internal jugular vein catheters. Gram-negative microorganisms were the most common, being detected in 50% of the blood samples from 10 patients with femoral vein catheters and 8 patients with internal jugular vein catheters. Of the gram-negative organisms, 10 (56%) were resistant to the carbapenems and one (5%) was resistant to polymyxin B. The gram-positive microorganisms were the second most prevalent group, with Staphylococcus aureus being the most common (36%). Table 2 also shows the microorganisms identifi ed in the catheter tips of the 17 cases of local catheter infection; gram-positive microorganisms were the most common [65% (n = 11)] and 41% of specimens cultured Staphylococcus spp.
DISCUSSION
In this study, we included patients with central venous catheters inserted for the sole purpose of providing hemodialysis over a short-term period. During the follow-up period, 22% of these patients had at least one episode of catheter-related infection. However, no cases of endocarditis or abscess were identifi ed. In a study of 210 patients with chronic kidney disease undergoing long-term hemodialysis, 31% developed bacteremia: 17.1% had endocarditis, 5.7% developed abscesses, and 4.8% developed sepsis 11 . Infectious complications associated with hemodialysis performed via temporary catheters represent one of the most important causes of morbidity and mortality among patients with renal insuffi ciency 12, 13 .
A prospective multicenter study identifi ed that an infectious etiology was responsible for 23% of all deaths among 1,846 patients on long-term hemodialysis, while the annual rate of infection was 35% 14 . In this study, although the mortality rate during the period of observation was relatively high (49%), the cause of death was infection-related in only 6% of patients. The higher observed mortality rate can be explained by the fact that the study population included elderly patients, patients with multiple comorbidities, and was restricted to patients with acute kidney injury.
A study conducted in a university hospital that stratifi ed infection rates by type of vascular access (following the CDC criteria) reported infection rates of 0.9, 2.39, and 5.5 episodes per 1,000 hemodialysis sessions among patients with arteriovenous fi stulas, long-term placement of central venous catheters, and short-term placement of central venous catheters, respectively 15 . However, a systematic review of studies published during the period 1990-2008 observed that local and systemic catheterrelated infection rates ranged from 19.92 to 29.2 episodes per 1,000 hemodialysis sessions. In the present study, we observed an average of 8.8 catheter-related infection episodes (local and systemic), a result well above that reported by Gnass et al 15 , but well below that reported in the studies cited in the review. This difference may be due to factors including the notifi cation criteria used, institutional protocols regarding the care and maintenance of indwelling venous catheters, patients' adherence to guidelines, and the profi le of patients receiving hemodialysis. Thus, we emphasize the importance of disseminating epidemiologic data regarding the occurrence of these infections in patients receiving different types of hemodialysis and in patients with acute and chronic kidney disease, according to standardized criteria defi ning catheter-related infections.
Regarding the profi les of the isolated microorganisms, we noted a difference between the types isolated from local and systemic infections, with a predominance of Gram-negative bacteria in systemic infections and of gram-positive bacteria in local infections. A study 16 that aimed to identify the incidence of infection and evaluate the profi le of microorganisms isolated showed that 35% of bacteremic episodes were caused by gramnegative bacteria, a rate consistent with those reported in other studies [17] [18] [19] . Other study that use the medical records of 239 patients undergoing hemodialysis at the Department of Nephrology of the University Hospital of Heraklion, Crete, Greece, identify that, 3 out of 8 isolated (37.5%) Enterobacter spp. strains, 4 out of 5 (80%) Acinetobacter spp. strains, and 2 out of 7 (29%) Klebsiella spp. strains were sensitive only to colistin Staphylococcus aureus, Pseudomonas aeruginosa, Klebsiella pneumoniae, and Enterococcus spp., are commonly found in healthcare institutions 20 . In another cross-sectional study, conducted in the University Hospital of the Federal University of São Paulo, from 156 patient in hemodialysis who used central venous catheters identify that all S. aureus strains were found to be fully susceptible to teicoplanin and vancomycin, P. aeruginosa was fully sensitive to clavulanic acid and tazobactam, and 80% of A. baumannii samples were susceptible to imipenem 21 . In contrast, in the current study we found that the gram-negative bacteria displayed greater resistance to antimicrobial agents, with 56% being resistant to the carbapenems. This might be because the patients had acute kidney injury, multiple comorbidities, and required hospitalization, which in turn could have modifi ed the microfl ora profi le of these patients, thereby facilitating colonization or infection with multidrug-resistant organisms.
In the present study, the occurrence of catheter-related infection was higher in patients with than without diabetes. A case-control study conducted in Greece over a 7-year period In the present study level of education was evaluated as a potentially important risk factor, because patients who recently started undergoing hemodialysis may have had difficulty in performing the necessary maintenance and care of the central venous catheter while at home. However, no signifi cant association between education level and catheter-related infections was observed, this may be because appropriate care of the catheter may be more closely related to the clarity of the instructions provided in hospital, rather than the level of formal education.
Despite the contributions the present study makes in identifying the infection profi le of patients with acute kidney injury, a few limitations should be considered. The study was conducted in a single center, in addition, it was conducted in patients with acute kidney injury, affecting the generalizability of the fi ndings. This underscores the importance of developing new studies with the aim of understanding the incidence of and risk factors for these infections in patients with acute kidney injury.
In conclusion, we identifi ed a high incidence of central venous catheter-related infections in patients with acute kidney injury receiving hemodialysis, particularly compared with the incidence in patients with arteriovenous fi stula. The occurrence of infections caused by antimicrobial-resistant gram-negative bacteria is noteworthy. Diabetes mellitus as a comorbid condition was the only identifi ed risk factor for infection. It is necessary to improve the care of these devices.
